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(157} ABSTRACT

The present invention relates to a novel phenylenediamine
derivative of the general formula (1):
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wherein R' R* R’ and R* are sclected from the group
consisting of: alkyl groups, alkoxy groups, halogen atoms
and aryl groups; and m, n, p and g are integers in the range
of O to 3, and

an electrophotosensitive maternal using the same as an
electric charge transferring material.

The phenylenediamine derivative 1s excellent in not only
compatibility with binding resin but also electric charge
transferring capability, particularly hole transferring capa-
bility. Theretfore, a photosensitive material using the above
derivative as an electric charge transferring material exhibits
a higher sensitivity.

17 Claims, 3 Drawing Sheets
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ELECTROPHOTOSENSITIVE MATERIJIAL
USING A PHENYLENEDIAMINE
DERIVATIVE

BACKGROUND OF THE INVENTION

The present invention relates to a novel phenylenediamine
derivative which 1s suitably used as an electric charge
transferring material, particularly hole transferring material
in applications such as solar battery, electroluminescent
device, electrophotosensitive material and the like, and an
electrophotosensitive material using the same which is used
for image forming apparatuses such as electrophotographic
copying apparatus, laser beam printer and the like.

As the electric charge transferring material used for the
above applications, there have been known carbazole com-
pound, oxadiazole compound, pyrazoline compound, hydra-
zone compound, stilbene compound, phenylenediamine
compound, benzidine compound and the like.

These electric charge transferring materials are normally

used 1n a state at which they are dispersed in a membrane of
a suitable binding resin.

In case of an electrophotosensitive material, there are

widely used so-called organic photosensitive materials
(OPC) such as:

a single layer type photosensitive material comprising a
single layer photosensitive layer wherein the above electric
charge transferring material and an electric charge generat-
ing material which generates an electric charge due to light
irradiation are dispersed in a binding resin;

a multi-layer type photosensitive material comprising an
electric charge transferring layer which contains an electric
charge transferring material and an electric charge generat-
1ng layer containing an electric charge generating material,
and the like.

Such an organic photosensitive material has an advantage
that it can be eastly produced than an inorganic photosen-
sitive material using an inorganic semi-conductor material,
and has a wide selection of its material such as electric
charge generating material, electric charge transferring
aterial, binding resin, etc., thereby allowing a large latitude
in functional design.

As the phenylenediamine compound being electric charge
transferring material, an m-phenylenediar

the following formula (2) or a p-phenylenediamine deriva-
tive of the following formula (3) is generally used.

R® R7

/\f'N = N N

P |

R? \/ S AN RS

Rﬁ\ /\‘ / R7 (3)
T
XN\ . N/ X
/\/ \ ==
~ 1

RS'/ \/ 2 RS

wherein R>, R®, R’ and R® are the same or different and are
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selected from the group consisting of: hydrogen atoms, alkyl
groups, alkoxy groups, halogen atoms and aryl groups which
may have a substituent or not.

In the p-phenylenediamine derivative of the general for-
mula (3), two nitrogen atoms, which form the central
skeleton of molecule as well as the central benzene ring, are
substituted by the benzene ring at the p-position. This causes
a higher symmetric property of the molecular structure, thus
being poor in compatibility with binding resin. In addition,
its electric charge transferring capability is insufficient.

On the other hand, in the m-phenylenediamine derivative
of the general formula (2), two nitrogen atoms which form
the central skeleton of molecule as well as the central
benzene ring, are substituted by the benzene ring at the
m-position. Thus its symmetric property is lower than the
p-phenylenediamine derivative.

However, as (o the m-phenylenediamine derivative
wherein each of the substituents R> to R® in the formula (2)
is substituted with the 4-positions of phenyl groups, there
has not succeeded yet in decreasing the symmetric property
of the molecular structure to a desirable level, resulting in an
insufficient compatibility with binding resin.

Accordingly, although the material itself 1s estimated to be
excellent in electronic charge transferring capability, an
electrophotosensitive material using this as an electric
charge transierring material can not fully exhibit that excel-

lent electric charge transferring capability, thus being insuf-
ficient in photosensitivity.

In contrast, the m-phenylenediamine derivative wherein
the substituents R> to R® are substituted with the 3-positions
of phenyl groups exhibits a lower symmetric property of the
molecular structure, thus being excellent in compatibility
with binding resin. However, its electric charge transferring
capability 1s insufficient.

Therefore, an electrophotosensitive material using this as
an electric charge transferring material fails to show a
sufficient photosensitivity.

SUMMARY OF THE INVENTION

It 1s a main object of the present invention to provide a
novel phenylenediamine derivative which is superior in not
only electric charge transierring capability, particularly hole
transferring capability, but also compatibility with binding
resin.

It 1s another object of the present invention to provide an
electrophotosensitive material having high sensitivity,

which contains a phenylenediamine derivative as an electric
charge transferring material.

In order to attain the above objects, the present inventors
studied to 1mprove not only compatibility with binding resin
but also electric charge transferring capability by decreasing
symmetric property of the molecular structure of phenylene-
diamine derivative, and they carried out molecular designing
along this lines.

As a result, they had the following findings:

(a) Electric charge transferring capability is improved by
changing from the m-position o the o-position at which two
nitrogen atoms, which constitute the central skeleton of the
phenylenediamine derivative, are substituted with the cen-
tral benzene ring; and

(b) In the o-substituted phenylenediamine derivative,
there occurs a slight torsion in the molecular structure
(whereas that 1s plane 1n the m-phenylenediamine) due to
steric hindrance of phenyl groups substituted with both
nitrogen atoms. This decreases symmetry, thereby improv-
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ing compatibility with binding resin, to accomplish the
present invention.

That is, the phenylenediamine derivative of the present
invention is represented by the general formula (1):

(RY), \Q Q R,
NK P N |
(Rl)m {/ \> (er)q

wherein R', R?, R? and R* are the same or different and are
selected from the group consisting of: alkyl groups, alkoxy
groups, halogen atoms, and aryl groups which may have a
substituent or not; and m, n, p and q are the same or different,
and are integers in the range of 0O to 3.

The phenylenediamine derivative of the present invention
is excellent in electric charge transferring capability as well
as compatibility with binding resin. Therefore, this phe-
nylenediamine derivative can be suitably used as an electric
charge transferring material, particularly hole transferring
material in applications such as solar battery, electrolumi-
nescent device, electrophotosensitive material and the like.

An electrophotosensitive material of the present invention
comprises a photosensitive layer containing a phenylenedi-
amine derivative represented by the general formula (1),
provided on a conductive substrate.

This electrophotosensitive material comprises a photo-
sensitive layer containing the phenylenediamine derivative
as an electric charge transferring material. Therefore, it has
sensitivity superior to that of conventional electrosensitive
materials, and can contribute to realize speed-up and high
performances of image forming apparatuses such as elec-
trophotographic copying apparatus, laser beam printer and
the like.

(1)

BRIEF EXPLLANATION OF DRAWINGS

FIG. 1 is a graph illustrating the results of infrared
spectroscopic analysis for the phenylenediamine derivative
of Example 1 of the present invention.

FIG. 2 is a graph illustrating the results of infrared
spectroscopic analysis for the phenylenediamine derivative
of Example 2 of the present invention.

FIG. 3 is a graph illustrating the results of intrared
spectroscopic analysis of the phenylenediamine denvative
of Example 3 of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will be described in detail as below.

The phenylenediamine derivative of the present invention
is, as described above, represented by the general formula

(1):
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wherein R, R?, R® and R* are the same or different and are
selected trom the group consisting of: alkyl groups, alkoxy
groups, halogen atoms, and aryl groups which may have a lo
substituent or not; and m, n, p and g are the same or different,
and are integers in the range of 0 to 3.

Examples of the alkyl group corresponding to the groups

R!, R% R’ and R* in the general formula (1) include lower
alkyl groups having 1 to 6 carbon atoms such as methyl
group, ethyl group, propyl group, isopropyl group, butyl
group, 1sobutyl group, tert-butyl group, pentyl group, hexyl
oroup, among others.

Examples of the alkoxy group include methoxy group,
ethoxy group, 1sopropoxy group, butoxy group, tert-butoxy
group, hexyioxy group and the like.

Examples of the halogen atom include fluorine atom,
chlorine atom, bromine atom, iodine atom and the like.

Examples of the aryl group include phenyl group, biphe-
nyl group, naphthyl group, anthryl group, phenanthryl
group, o-terphenyl group, among others.

Examples of the substituent with which the aryl group
may be substituted include the alkyl group, halogen atom or
alkoxy group as mentioned above.

The number of being substituted with the respective
groups defined by the symbol m, n, p or q in the general
formula (1) can be optionally selected in the range of O to 3.
The phenylenediamine derivative wherein m, n, p and q are
O at the same time has a lower compatibility with binding
resin, in spite of the lower symmetric property of the
molecular structure as previously described. Therefore, it is
desirable that m, n, p and q are not O at the same time. If
consideration is given to the ease of production and the like,
even within the range, smaller value of m, n, p or q is
preferable, 1.e. 2 1s preferred to 3, but 1 is more preferred.

Examples of the phenylenediamine derivative include
compounds wherein the substituents R' and R* are the same
alkyl groups, R* and R” are the same alkyl groups which are
the same as or different from that of R' and R*, and m, n, p
and q are 1 or 2.

Among those, the phenylenediamine derivative wherein
m, n, p and q are 1 at the same time includes compounds
wherein the substituents R' to R* is substituted with the
3position or the 4-position of phenyl groups. The phenylene-
diamine derivative wherein the substituent R' to R* is
substituted with the 3-positions of pheny! groups 1s particu-
larly excellent in compatibility with binding resin. The
phenylenediamine derivative wherein the substituent R' to
R* are substituted with the 4-positions of phenyl groups, is
particularly excellent in electric charge transferring capabil-
ity, and has compatibility with binding resin suitable for
practical applications.

Non-limited examples of the phenylenediamine deriva-
tive wherein the substituent R' to R* are substituted with the
3-positions of phenyl groups include a compound repre-
sented by the formula (4);
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H;C : CH (4)
\ @

Non-limited examples of the phenylenediamine deriva-
tive wherein the substituents R* to R* are substituted with

the 4-positions of phenyl groups include compounds repre-
sented by the formulas (5) and (6):

H;3C

=
X

CHs;

.

(3)

Hj
HLC CH; (6)
Sale!
e X X CsHo

As a pheneylenediamine derivative wherein m, n, p and g
are 2 at the same time, the preferred compound is that
wherein one of two substituents with phenyl groups is
substituted with the 4-position of the phenyl group, in view
of electric charge transferring capability.

The electric charge transferring capability of this phe-
nylenediamine derivative is far superior to that of a com-
pound wherein the substituents R' to R* are substituted with
the 4-position of phenyl groups, among the compounds
‘wherein m, n, p and g are 1 at the same time in the foregoing.

Non-limited examples of this phenylenediamine deriva-
tive include compounds represented by the formulas (7) and

(8):
~ A0 ]
H;C \ \ \CH
i i : @

(7)
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-continued
H3C CH; (8)
H3C / )\f CH3
X \[/
Hat = ‘.-«"" N"‘x N CHs
H;C X CH,

Other examples of the phenylenediamine derivative of the
present invention include a compound wherein the substitu-
ents R' and R* are the same alkyl group, R* and R? are the
same aryl group, and m, n, p and g are 1 at the same time;
and a compound wherein R* and R* are the same aryl group,

R? and R” are the same aryl group which is the same as or

different from that of R’ and R* and m n p and g are 1 at the
same tiume.

These phenylenediamine denvatives are particularly
excellent in electric charge transferring capability because a
E-electron conjugate system is greatly enlarged by the aryl
group.

It is desirable that the aryl group corresponding to the
substituents R' to R* are substituted with the 4-positions of
phenyl groups, 1n view of steric hindrance. When the sub-

stituents R* to R* are the same aryl groups, it is preferred
that each aryl group is substituted with the substituent in
order to hold compatibility with binding resin. Although the
position at which the substituent is substituted i1s not spe-
cifically limited, when the aryl group is a phenyl group, a
compound wherein the substituents are substituted with the
4-positions of phenyl groups, exhibits a higher electric
charge transferring capability.

Non-limited examples of the phenylenediamine deriva-
tive wherein R' and R* are alkyl groups, R* and R? are aryl
groups, and m, n, p and g are 1 at the same time include
compounds represented by the formulas (9) and (10):

P
«‘U‘o

HsC,

5)

(10)

Non-limited examples of the phenylenediamine deriva-
tive wherein R' to R* are aryl groups, and m, n, p and q are
1 at the same time include a compound represented by the
formula (11):
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H5C, CyHs (11)

YNe
I

sl

Hsc;g C2H5

The phenylenediamine derivative of the present invention
can be synthesized by various methods. For example, the
phenylenediamine derivative of the formula (5) can be
synthesized according to the following reaction scheme.

That is, o-phenylenediamine of the formula (12) is mixed
with p-iodotoluene of the formula (13) in a molar ratio of 1:4
together with copper powder, copper oxide or halogenated
copper, and the mixture is reacted under the presence of a
basic substance to synthesize a phenylenediamine derivative

of the formula (5).

HsN NH» (12)
+
(13)
41 1 CHa
V
CH3 (3)

This phenylenediamine derivative i1s suitably used as an
electric charge transferring material, particularly hole trans-
ferring material, in applications such as solar battery, elec-
troluminescent device, electrophotosensitive material and
the like, and applicable to other various fields, as previously
described.

The electrophotosensitive material of the present inven-
tion comprises a photosensitive layer containing at least one
sort of the phenylenediamine derivative represented by the
formula (1), provided on a conductive substrate. There are
two types of photosensitive layers; “single layer photosen-
sitive layer” and “multi-layer photosensitive layer”, both of
which are applicable to the present invention.

The single layer photosensitive layer can be formed by
applying a coating solution, which is prepared by dissolving
or dispersing a phenylenediamine derivative represented by
the general formula (1) as an electric charge transferning
material, an electric charge generating material and a bind-
ing resin in a suitable solvent, on a conductive substrate by
means of an application or the like, followed by drying.
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8

The multi-layer photosensitive layer can be formed by
forming an electric charge generating layer containing an
electric charge generating material on a conductive substrate
by means of a deposition, an application or the like, applying
a coating solution, which contains a binding resin and a
pheneylenediamine derivative represented by the general
formula (1) as an electric charge transferring material, on the
electric charge generating layer by means of an application
or the like, followed by drying to form an electric charge
transferring layer. In reverse, the electric charge generating
layer may be formed on the electric charge transferring layer
on a conductive substrate.

Non-limited examples of electric charge generating mate-
rial include powder of inorganic conductive materials (e.g.
selenium, selenium-tellurium, selenium-arsenic, cadmium
sulfide, s-silicon, etc), azo pigments, perylene pigments,
anthanthrone pigments, phthalocyanine pigments, indigo
pigments, triphenylmethane pigments, therene pigments,
toluidine pigments, pyrazoline pigments, quinacridon pig-
ments, dithioketopyrrolopyrrole pigments and the like.
These electric charge generating materials can be used alone
or in combination thereof depending upon sensitivity in the
wavelength region of electrophotosensitive material.

Examples of electric charge generating material suitable
for an organic photosensitive material, which has sensitivity
in the wavelength region of not less than 700 nm, include
phthalocyanine pigments such as X-type metal-free phtha-
locyanine and oxotitanyl phthalocyanmne, among others.

An electrophotosensitive material, which employs these
phthalocyanine pigments as an electric charge generating
material and the phenylenediamine derivative represented
by the general formula (1) as an electric charge transterring
material, exhibits a higher sensitivity in the wavelength
region above-mentioned. Accordingly, it can suitably used
for digital optical system image forming apparatuses such as
laser beam printer, facsimile and the like.

On the other hand, examples of electric charge generating
material suitable for an organic photosensitive matenal,
which as a higher sensitivity in the visible region, include
azo pigments, perylene pigments, among others.

An electrophotosensitive material, which employs these
pigments as an electric charge generating material and the
phenylenediamine denvative represented by the general
formula (1) as an electric charge transferring material,
exhibits a higher sensitivity in the visible region. Therefore,
it can be suitably used for analogue optical system image
forming apparatuses such as electrophotographic copying
apparatus and the like. |

The phenylenediamine derivative represented by the gen-
eral formula (1), as an electric charge transferring material,
can be used alone or in combination with other electric
charge transferring material being conventionally known.

Examples of other electric charge transferring material
inciude various electron transferring materials and hole
transferring materials.

Examples of electron transferring material include elec-
fron attractive materials such as diphenoxy compounds,
benzoquinone compounds, naphthoquinone compounds,
malononitrile, thiopyran compounds, tetracyanoethylene,
tetracyanoquinodimethane, chloroanil, bromoanil, 2.4,7-
trinitro-9-filuorenone, 2.4,5,7-tetranitro-9-fluorenone, 2,4,7-
trinitro-9-dicyanomthylenefluorenone, 2,4,5,7tetranitroxan-
thone, 2.4 8-trinitrothioxanthone, dinitrobenzene,
dinitroanthracene, dinitroacridine, nitroanthraquinone, dini-
troanthraquinone, succinic anhydnde, maleic anhydride,
dibromomaleic anhydride, etc., those wherein the above
mentioned electron attractive materials have been polymer-
ized, among others.
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Examples of hole transferring material include electron
donative materials such as nitrogen-containing cyclic com-
pounds and condensed polycyclic compounds which include
diamine compounds other than the phenylenediamine
derivative represented by the general formula (1); diazole
compounds such as 2,5-di(4-methylaminophenyl)-1,3,4-0xa-
diazole, etc.; styryl compounds such as 9-(4-diethylami-
nostyryl)anthracene, etc.; carbazole compounds such as
polyvinyl carbazole, etc.; pyrazoline compounds such as
I-phenyl-3-(p-dimethylaminophenl)pyrazoline, etc.; hydra-
zone compounds; triphenylamine compounds; indol com-
pounds; oxazole compounds; isooxazole compounds, thia-
zole compounds; thiadiazole compounds; imidazole
compounds; pyrazole compounds; triazole compounds,
among others.

These electric charge transferring materials can be used
alone or in combination thereof. When using such an electric

charge transferring material having film forming properties
as polyvinyl carbazole, a binding resin is not necessarily
required.

Examples of binding resin include thermoplastic resins
such as styrene polymer, styrene-butadiene copolymer, sty-
rene-acrilonitrile copolymer, styrene-maleic acid copoly-
er, acrylic polymer, styrene-acrylic copolymer, polyethyl-
ene, ethylene-vinyl acetate copolymer, chlorinated
polyethylene, polyvinyl chloride, polypropylene, vinyl chlo-
ride-vinyl acetate copolymer, polyester, alkyd resin, polya-
mide, polyurethane, polycarbonate, polyacrylate, polysul-
fon, diaryl phthalate resin, ketone resin, polyvinyl butyral
resin, polyether resin, etc.; crosslinking thermosetting resins
such as silicone resin, epoxy resin, phenol resin, urea resin,
melamine resin, etc.; photosetting resins such as epoxy
acrylate, urethane acrylate, etc. These binding resins can be
used alone or in combination thereof.

To a photosensitive layer, there can be added additives
such as sensitizers, fluorene compounds, ultraviolet absorb-
ers, plasticizers, surfactants, leveling agents, etc. in addition
to the components in the foregoing. Further, in order to
improve sensitivity of a photosensitive material, sensitizers
such as terphenyl, halonaphthoquinones, acenaphthylene,
etc. may be jointly used with an electric charge generating
agent.

In a multi-layer type photosensitive material, an electric
charge generating material and a binding resin, which con-
stitute an electric charge generating layer, may be used in
various proportions. It 1s desirable to use 5 to 1000 parts by
weight, particularly 30 to 500 parts by weight of the electric
charge generating material for 100 parts by weight of the
binding resin.

An electric charge transferring material and a binding
resin, which constitute an electric charge transferring layer,
can be used in various proportions within the range in which
there occurs neither inhibition of electric charge transmis-
sion nor crystallization of the electric charge transferring
material.

In order that electric charge generated in the electric
charge generating layer due to light 1rradiation can be easily
transferred, it 1s desirable to use 10 to 500 parts by weight,
particularly 25 to 200 parts by weight of electric charge
transferring matenial containing a phenylenediamine deriva-
tive of the general formula (1), for 100 parts by weight of
binding resin. When using this phenylenediamine derivative
alone, the amount of the electric charge transferring material
1s that of the phenylenediamine derivative.

As to thaickness of a multi-layer photosensitive layer, it is
desirable to have the following thickness: about 0.01 to 5 um
for an electric charge generating layer, particularly about 0.1
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10

to 3 um; about 2 to 100 um, particularly about 5 to 50 um
for an electric charge transferring layer.

In a single layer type photosensitive material, a suitable
amount of electric charge generating material is in the range
of 0.1 to 50 parts by weight, particularly 0.5 to 30 parts by
weilght, and a suitable total amount of electric charge trans-
ferring matenial containing a phenylenediamine derivative
of the general formula (1) is in the range of 20 to 500 parts
by weight, particularly 30 to 200 parts by weight, for 100
parts by weight of binding resin.

When using this phenylenediamine derivative alone, the
amount of the electric charge transferring material 1s that of
the phenylenediamine derivative.,

It is desirable that the film thickness of the single layer
photosensitive layer is 5 to 100 um, particularly 10 to 50 um.

A barrier layer may be formed in such a range as not 1o
inhibit the characteristics of photosensitive material, for a
single layer type photosensitive material, between a con-
ductive substrate and a photosensitive layer or between the
conductive substrate and an electric charge generating layer;
for the multi-layer type photosensitive material, between an
conductive substrate and an electric charge transferring layer
or between an electric charge generating layer and the
clectric charge transferring layer.

Further, a protective layer may be formed on the surface
of photosensitive material.

As a conductive substrate on which the above respective
layers are formed, there can be used various materials
having conductivity. Examples thereof include metals such
as aluminum, copper, tin, platinum, silver, vanadium,
molybdenum, chromium, cadmium, titanium, nickel, palla-
dium, indium, stainless steel, brass, etc.; plastic materials
vapor-deposited or laminated with the above metal; glass
maternials coated with aluminum iodide, tin oxide, indium
oxide, among others.

The conductive substrate may be in the form of a sheet or
a drum depending upon the structure of an image forming
apparatus to be used. Either the substrate itself or the surface
thereof may have conductivity. It is desirable that the
conductive substrate has a sufficient mechanical strength at
the time of use.

In case of forming the respective layer constituting pho-
tosensitive material by a coating method, an electric charge
generating material, an electric charge transferring material,
a binding resin, etc. may be dispersed/mixed with a suitable
solvent by known means such as a roll mili, a ball mill, an
atriter, a paint shaker, a supersonic dispenser to prepare a
coating solution, which is applied by known means and then
allowed to dry.

As a solvent for preparing a coating solution, there can be
used various organic solvents. Examples thereof include
alcohols such as methanol, ethanol, isopropanol, butanol,
etc.; aliphatic hydrocarbons such as n-hexane, octane, cyclo-
hexane, etc.; aromatic hydrocarbons such as benzene, tolu-
ene, xylene, etc.; halogenated hydrocarbons such as dichlo-
romethane, dichloroethane, carbon tetrachloride,
chlorobenzene, etc.; ethers such as dimethyl ether, diethyl
ether, tetrahydrofuran, ethylene glycol dimethyl ether, dieth-
ylene glycol dimethyl ether, etc.; ketones such as acetone,
methy! ethyl ketone, cyclohexanone, etc.; esters such as
ethyl acetate, methyl acetate, etc.; dimethylformaldehyde,
dimethylformamide, dimethylsulfoxide, etc. These solvents
may be used alone or in combination thereof.

Moreover, in order to improve dispersibility of an electric
charge transferring material and an electric charge generat-
ing material as well as smoothness of the surface of a
photosensitive layer, there may be added surfactants, level-
ing agents, etc. to a coating solution.
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EXAMPLES

Following Examples and Comparative Examples will
describe the present invention in detail.

Synthesis of phenylenediamine derivative

Example 1

N,N,N',N'-tetrakis(4-methylphenyl}-o-phenylenediamine

5.4 G of o-phenylenediamine of the formula (12), 42.6 g
of p-iodotoluene of the formula (13), 27.6 g of potassium
carbonate and 2 g of copper powder were added in 300 ml
of nitrobenzene, and the mixture was refluxed while a
nitrogen gas was blowing into this reaction system under
vigorous stirring for 24 hours. The water generated by the
reaction was removed out of the reaction system by azeo-
tropic distillation with nitrobenzene.

After the reaction solution was cooled, an 1norganic
substance was filtered off. Further, nitrobenzen was distilled
off by steam distillation to give the residue, which was
dissolved in cyclohexane. The solution was purified by
subjecting to silica gel column chromatography and cyclo-
hexane was distilled ofl to give a white precipitation. Then,
the white precipitation was recrystallized from n-hexane to
obtain the expected compound of the tormula (5) (12.2 g,
yield: 52.1%).

FIG. 1 shows the results of the infrared spectroscopic
analysis for the resulting compound.

The results of other analyses are shown below.

Elemental analysis (%)

Calcd.: C, 87.15; H, 6.88; N, 5.98
Found: C, 87.21; H, 7.00;: N, 5.80
Melting point: 186.4° C. (DSC)

Example 2

N,N,N',N'-tetrakis(3-methylphenyl)-o-phenylenediamine

The procedure of Example 1 was repeated except the use
of 5.4 g of o-phenylenediamine of the formula (12) and 42.6
g of m-1odotoluene of the formula (14):

(14)

CH;j

as a starting material to obtain the expected compound of the
formula (4) (12.6 g, yield: 55.1%).

FIG. 2 shows the results of the infrared spectroscopic
analysis for the resulting compound.

The results of other analyses are shown below.

Elemental analysis (%)

Calcd.: C, 87.15; H, 6.88; N, 5.98

Found; C, 87.11; H, 6.91; N, 5.98
Melting point: 138.1° C. (DSC)

Example 3

N,N,N" N'-tetrakis(4'-ethylbiphenyl-4-yl)-o-phenylenediamine

The procedure of Example 1 was repeated except the use
of 5.4 g of o-phenylenediamine of the formula (12) and 60.2
g of 4-ethyl-4'-iodobiphenyl of the formula (15):
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(15)
I CsHs

as a starting material to obtain the expected compound of the
formula (11) (20.4 g, yield: 50.3 %).

FIG. 3 shows the results of the infrared spectroscopic
analysis for the resulting compound.

The results of other analyses are shown below.

Elemental analysis (%)

Calcd.: C, 89.80; H, 6.82; N, 3.38

Found: C, 89.82; H, 6.81; N, 3.36
Melting point: 254.1° C. (DSC)

Examples 4-11 and Comparative Examples 1-2

(Single layer type photosensitive material for
digital light source)

5 Parts by weight of X-type metal-free phthalocyanine as
an clectric charge generating material, 50 parts by weight of
a phenylenediamine derivative as a hole transferring mate-
rial, 30 parts by weight of 3,5-dimethyl-3',5'-di-tert-butyl-
diphenoquinone of the formula (16):

H,C Hj (16)
\ _C
/C CH;
H;C
O =0
H3z(C
CH;
/ ¢
HEC Hi

as an electron transferring material and 100 parts by weight
of polycarbonate as a binding resin were mixed/dispersed
with 800 parts by weight of tetrahydrofuran as a solvent by
using a ball mill for 50 hours to prepare a coating solution
for a single layer photosensitive layer.

Then, this coating solution was applied on an aluminum
tube as a conductive substrate by a dip coating method,
followed by hot-air drying at 100° C. for 60 minutes. There
was obtained a single layer type photosensitive material for
digital light source, which had a single layer photosensitive
layer of 15 to 20 um in film thickness.

Table 1 embodies the phenylenediamine derivatives used
in these Examples and Comparative Examples by compound
number.

The phenylenediamine derivatives used in Comparative
Examples 1 and 2 are described by the formuias (17) and

(18);
HyC CH;
=
o
N\/ ‘ N

A

(17)

H,C CHsj
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-continued
HsC P /\ P CH;(18)
| |
X \N N/\/
as @
He X X o

The following test (I) of initial electric characteristics was
conducted for each photosensitive material to evaluate the
characteristics.

Test (I) of initial electric characteristics

Using a drum sensitivity tester manufactured by GEN-
TEC Co., a voltage was applied on the surface of the
photosensitive materials of Examples and Comparative
Examples to charge the surface at +700 V.

Monochromatic light having a wavelength of 780 nm
(half-width: 20 nm) and a light intensity of 16 pW/cm?,
which was made by passing white light of a halogen lamp
being exposure light source through a band-pass filter, was
irradiated on the surface of each photosensitive matenal for
msec. (irradiation time).

Then, there was measured the time required for a surface
potential to be reduced to be one-half, 1.e. +350 V, thereby
calculating a half-life light exposure E,,, (uJ/cm?). Further,
a surface potential after an elapse of 330 msec. since the
beginning of exposure was determined as a potential after
exposure V, (V).

The results are summarized in Table 1.

TABLE 1
Phenylenediamine \'3 Eip
derivative (V) (W/cm®)

Example 4 (4) 194 1.13
Example 5 (5) 185 1.06
Example 6 (6) 187 1.05
Example 7 {7} 186 1.00
Example 8 (3) 181 0.98
Example 9 (9) 178 0.97
Example 10 (10) 180 0.99
Example 11 (11) 178 0.96
Com. Example 1 (17) 202 1.25
Com. Example 2 (18) 208 1.27

Followings are noted by inspection of Table 1.

Comparative Example 1 using the phenylenediamine
derivative (17) which belongs to the m-phenylenediamine
derivative of the formula (2), and Comparative Example 2
using the phenylenediamine derivative (18) which belongs
to the p-phenylenediamine derivative of the formula (3)
have a larger half-life light exposure E,,, (uJ/cm?) and a
higher potential after exposure V, (V), thus being poor in
sensitivity.

Examples 4 through 11 using the phenylenediamine
derivatives (4) to (11) which belong to the phenylenedi-
amine derivative of the formula (1) have a smaller hali-life
light exposure E,,, (u/cm?) and a lower potential after
exposure V,; (V), thus being excellent in sensitivity.

Comparison are made for Examples 4, 5 and 6 using the
phenylenediamine derivatives (4), (5) and (6) which belong
to the phenylenediamine derivative of the general formula
(1) wherein the substituents R! to R* are alkyl groups, and
m, n, p and q are 1 at the same time.
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Examples 5 and 6 using the phenylenediamine derivatives
(5) and (6) wherein the alkyl groups are substituted with the
4-positions of phenyl groups, have sensitivity supenor to
that of Example 4 using the phenylenediamine derivative (4)
wherein the alkyl groups are substituted with the 3-positions
of the phenyl groups.

Further, Examples 5 and 6 are compared with Examples
7 and 8 using the phenylenediamine derivatives (7) and (8)
which correspond to the phenylenediamine derivative of the
formula (1), wherein the substituents R' to R* are alkyl
groups, and m, n, p and q are 2 at the same time, and one of
the two alkyl groups substituted with phenyl groups are
substituted with the 4-position of the phenyl group.

The latter (Examples 7 and 8) has sensitivity supenor to
that of the former (Examples 5 and 6).

Furthermore, Examples 5 through 8 are compared with
Examples 9 and 10 using the phenylenediamine derivatives
(9) and (10) which correspond to the phenylenediamine
derivative of the formula (1) wherein the substituents R' and
R* are alkyl groups substituted with the 4-positions of
phenyl groups, R* and R> are aryl groups substituted with
the 4-positions of phenyl groups, and m, n, p and g are 1; and
with Example 11 using the phenylenediamine derivative
(11) which corresponds to the phenylenediamine dertvative
of the formula (1) wherein the substituents R' to R* are aryl
groups substituted with the 4-positions of phenyl groups,
and m, n, p and g are 1 at the same time.

The latter (Examples 9 through 11) has sensitivity supe-
rior to that of the former (Examples 5 through 8).

Examples 12-13

(Multi-layer type photosensitive material for digital
light source)

2 Parts by weight of X-type metal-free phthalocyanine as
an electric charge generating material and 1 part by weight
of polyvinyl butyral as a binding resin were mixed/dispersed
with 120 parts by weight of dichloromethane as a solvent by
using a ball mill to prepare a coating solution for an electric
charge generating layer.

Then, this coating solution was applied on an aluminum
tube as a conductive substrate by a dip coating method,
followed by hot-air drying at 100° C. for 60 minutes to form
an electric charge generating layer of 0.5 um in film thick-
neSss.

Separately, 80 parts by weight of a phenylenediamine
derivative as an electric charge transferring material and 100
parts by weight of polycarbonate as a binding resin were
mixed/dispersed with 800 parts by weight of benzene as a
solvent by using a ball mill to prepare a coating solution for
an electric charge transferring layer.

Then, this coating solution was applied on the electric
charge generating layer by a dip coating method, followed
by hot-air drying at 90° C. for 60 minutes to form an electric
charge transierring layer of 15 um 1n film thickness. There
was obtained a multi-layer type photosensitive material for
digital light source.

Table 2 embodies the phenylenediamine derivative used
in these Examples by compound number.

The following test (II) of initial electric characteristics
was conducted for the photosensitive materials of both
Examples, and their characteristics were evaluated.
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Test (II) of imitial electric characteristics

Using a drum sensitivity tester manufactured by GEN-
TEC Co., a voltage was applied on the surface of the
photosensitive materials of both Examples to charge the
surface at —700 V.

Monochromatic light having a wavelength of 780 nm
(half-width: 20 nm) and a light intensity of 16 pW/cm?,
which was made by passing white light of a halogen lamp
being exposure light source through a band-pass fiiter, was
irradiated on the surface of each photosensitive material for
80 msec.(irradiation time).

Then, there was measured the time required for a surface
potential to be reduced to be one-half, i.e. —350 V, thereby
calculating a half-life light exposure E,,, (uWJ/cm?). Further,
a surface potential after an elapse ot 330 msec. since the
beginning of exposure was determined as a potential after
exposure V, (V)

The results are summarized in Table 2.

TABLE 2
Phenylenediamine Vi Eip
derivative (V) (Wi/em?)
Example 12 (5) —-142 0.64
Example 13 (11) -138 0.61

Followings are noted by inspection of Table 2.

Example 12 and 13 using the phenylenediamine deriva-
tives (5) and (11) which belong to the phenylenediamine
derivative of the general formula (1) have a smaller half-life
light exposure E,,, (uW/cm?) and a lower potential after
exposure V, (V), thus being excellent in sensitivity.

Example 13 using the phenylenediamine derivative (11)
wherein the substituents R' to R* are aryl groups substituted
with the 4-positions of phenyl groups, has sensitivity supe-
rior to that of Example 12 using the phenylenediamine
derivative (5) wherein corresponding R' to R* are alkyl
groups.

Examples 14-21 and Comparative Examples 3-4

(Single layer type photosensitive material for
analogue light source) 5 Parts by weight of azo
pigment of the formula (19):

e

N=N N

as an electric charge generating material, 70 parts by weight
of phenylenediamine derivative as a hole transferring mate-
rial, 20 parts by weight of 3,5-dimethyl-3",5'-di-tertbutyl-
diphenoquinone of the formula (16) as an electron transfer-
ring material and 100 parts by weight of polycarbonate as a
binding resin were mixed/dispersed with 800 parts by
weight of tetrahydrofuran as a solvent by using a ball mill
for 50 hours to prepare a coating solution for a single layer
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photosensitive layer.

Then, this coating solution was applied on an aluminum
tube as a conductive substrate by a dip coating method,
followed by hot-air drying at 100° C. for 60 minutes. There
was obtained a single layer type photosensitive matenal for
analogue light source, which had a single layer photosensi-
tive layer of 15 to 20 um in film thickness.

Table 3 embodies the phenylenediamine derivative used
in these Examples and Comparative Examples by compound
number.

The following test (III) of initial electric characteristics
was conducted for each photosensitive materials to evaluate
the characteristics.

Test (III) of initial electric characteristics

Using a drum sensitivity tester manufactured by GEN-
TEC Co., a voltage was applied on the surface of the
photosensitive materials of each Example and Comparative
Example to charge the surface at +700 V.

White light (light intensity: 147 pW/cm?®) of a halogen
lamp being exposure light source was irradiated on the
surface of each photosensitive material for 50 msec. (irra-
diation time).

Then, there was measured the time required for a surface
potential to be reduced to be one-half, 1.e. +350 V, thereby
calculating a half-life light exposure E,,, (WJ/cm®). Further,
a surface potential after an elapse of 330 msec. since the
beginning of exposure was determined as a potential after
exposure V; (V).

The results are summarized in Table 3.

TABILE 3
35
Phenylenediamine Vi E, .,
derivative (V) (ul/cm?)
Example 14 (4) 208 4,26
Example 15 (5) 202 4.12
40 Example 16 (6) 196 4.09
Example 17 (7) 192 3.98
Example 18 (&) 197 4,01
Example 19 (9) 189 3.90
Example 20 (10) 190 3.92
Example 21 (11) 187 3.90
Com. Example 3 (17) 217 4.42
CHs (19)
S HO CONH
/ \ N=N
60
TABLE 3-continued
Phenylenediamine Vi Eipn
derivative (V) (ul/ecm®)
65 Com. Example 4 (18) 220 4.54
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Followings ar¢ noted by inspection of Table 3.

Comparative Example 3 using the phenylenediamine
derivative (17) which belongs to the m-phenylenediamine
derivative of the formula (2), and Comparative Example 4

18
Examples 22-29 and Comparative Examples 5-6

(Single layer type photosensitive material for

using the phenylenediamine derivative (18) which belongs ? analogue light source)
to the p-phenylenediamine derivative of the formula (3) _
have a larger half-life light exposure E,,, (uJ/cm?) and a The procedure of Examples 14-21 and Comparative
higher potential after exposure V, (V), thus being poor in =~ Examples 3-4 was repeated except the use of 5 parts by
sensitivity. welght of azo pigment of the formula (20):
CH, CH; (20)
NHOC OH HO CONH
N CHjs
|
N=N N " N=N OQ
NH HN

Examples 14 through 21 using the phenylenediamine as an electric charge generating material to obtain a single
derivatives (4) to (11) which belong to the phenylenedi- layer type photosensitive material for analogue light source,
amine denvative of the formula (1) have a smaller half-life ,, which had a single layer photosensitive layer of 15 to 20 um
light exposure E,,, (uJ/cm®) and a lower potential after in film thickness.
exposure V, (V), thus being excellent in sensitivity. Table 4 embodies the phenylenediamine derivative used

Comparison is made for Examples 14, 15 and 16 using the in these Examples and Comparative Examples by compound
phenylenediamine derivatives (4), (3) and (6), which belong number. o _ o
to the phenylenediamine derivative of the general formula ,. The above test (1lI) of initial electric characteristics was
(1) wherein the substituents R' to R* are alkyl groups, and conducted for each photosensitive material to evaluate the
m, n, p and q are 1 at the same time. characteristics. o

Examples 15 and 16 using the phenylenediamine deriva- The results are summarized in Table 4.
tives (5) and (6) wherein the alkyl groups are substituted TABIE 4
with the 4-positions of phenyl groups, have sensitivity 40
superior to that of Example 14 using the phenylenediamine Phenylenediamine v, E,,
derivative (4) wherein the alkyl groups are substituted with derivative (V) (W/cm?)
the 3-positions of phenyl groups.

Further, Examples 15 and 16 are compared with Eiﬂgi gg g; ?gg j:ég
Examples 17 and 18 using the phenylenediamine derivatives 45 Example 24 (6) 200 4.10
(7) and (8) which correspond to the phenylenediamine Example 25 O 195 4.07
derivative of the formula (1) wherein the substituents R! to Example 26 (8) 198 4.08
R* are alkyl groups, m, n, p and g are 2 at the same time, and gigpiz %; (1(?); }gg g'g;
one of the alkyl groups substituted with phenyl groups is Exﬂmgle 20 (11) 101 391
substituted with the 4-position of the phenyl group. 50 Com. Example 5 (17 227 " 4.56

The later (Examples 17 and 18) has sensitivity superior to (-om. Example 6 (18) 224 493
that of the former (Examples 15 and 16). _ o

Furthermore, Examples 15 through 18 are compared with Eollow1ngs are notedlby Inspection of Table 4. .
Examples 19 and 20 using the phenylenediamine derivatives -omparative Ex-amp e 5 using the phenylenedl_ﬁam%ne
©) and (10), which corspond 1 he phenylencdiamine 55 SV (1) which belong f the m-pheryeediaming
%iﬁ;?:‘zﬁi lth;ieur;guglggiﬁtl:;m\i itt}llle iﬁgszfgzzgfit}}nsa%ctl’ using the phenyleneci_liarr;ine der_ivat_ive (18) which belongs

) 2 ) _ to the p-phenylenediamine derivative of the formula (3)

phenyl groups, R” and R* are aryl groups substituted with have a larger half-life light exposure E,,, (W/cm®) and a
the 4-positions of phenyl groups, and m, n, p and q are 1 at higher potential after exposure V, (V), thus being poor in
the same time; and with Example 21 using the phenylene- ¢g sensitivity.
diamine_ derivative (11), which corresponds to the. phe- Examples 22 through 29 using the phenylenediamine
nylenediamine derivative of the formula (1) wherein the derivatives (4) to (11) which belong to the phenylenedi-
SUbS'[l_‘J}entS R' to R* are aryl groups substituted with the amine derivative of the formula (1) have a smaller half-life
4‘P051t}0115 of phenyl groups, and m, n, p and q are 1 at the light exposure E,,, (uW/cm®) and a lower potential after
same time. 65 exposure V, (V), thus being excellent in sensitivity.

The latter (Examples 19 to 21) has sensitivity superior to
that of the former (Examples 15 to 18).

Comparison 1s made for Examples 22, 23 and 24 using the
phenylenediamine derivatives (4), (5) and (6) which belong
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to the phenylenediamine derivative of the formula (1)
wherein the substituents R* to R* are alkyl groups, and m,
n, pand g are 1 at the same time.

Examples 23 and 24 using the phenylenediamine deriva-
tives (5) and (6) wherein the alkyl groups are substituted 5
with the 4-positions of phenyl groups, have sensitivity
superior to that of Example 22 using the phenylenediamine
derivative (4) wherein the alkyl groups are substituted with
the 3-positions of phenyl groups.

Further, Examples 23 and 24 are compared with 10
Examples 25 and 26 using the phenylenediamine derivatives
(7) and (8), which correspond to the phenylenediamine
derivative of the formula (1) wherein the substituents R’ to
R* are alkyl groups, m, n, p and q are 2 at the same time, and
one of the two alkyl groups substituted with phenyl groups 15
is substituted with the 4-position of the phenyl group.

Example 25 using the phenylenediamine derivative (7)
has sensitivity superior to that of Examples 23 and 24.

Example 26 using the phenylenediamine derivative (8)
has sensitivity equivalent to that of Example 23, and has 20
sensitivity superior to that of Example 24.

Further, Examples 23 through 26 are compared with
Examples 27 and 28 using the phenylenediamine derivatives
(9) and (10) which correspond to the phenylenediamine
derivative of the formula (1), wherein the substituents R' 25
and R* are alkyl groups substituted with the 4-positions of
phenyl groups, R* and R” are aryl groups substituted with
the 4posttions of phenyl groups, and m, n, p and q are 1 at
the same time; and with Example 29 using the phenylene-
diamine derivative (11) which corresponds to the phenylene- 30
diamine derivative of the formula (1), wherein the substitu-
ents R to R* are aryl groups substituted with the 4-positions
of phenyl groups, and m, n, p and q are 1 at the same time.

The latter (Examples 27 through 29) has sensitivity supe-
rior to that of the former (Examples 23 through 26). 35

Examples 30-37 and Comparative Examples 7-8

(Single layer type photosensitive material for
analogue light source) 40

The procedure of Examples 14-21 and Comparative
Examples 3—4 was repeated except the use of 5 parts by
weight of azo pigment of the formula (21):

CH,CH,(l

N=N II\T / \ N=N

Nl N

HiC—N
0>/ / _\

as an electric charge generating material to obtain a single
layer type photosensitive material for analogue light source,
which had a single layer photosensitive layer of 15 to 20 um
in film thickness. 60
Table 5 embodies the phenylenediamine derivative used
in these Examples and Comparative Examples by compound
number.
The above test (IIT) of initial electric characteristics was
conducted for each photosensitive material to evaluate the 65
characteristics.

The results are summarized in Table 5.

20
TABLE 5
Phenylenediamine \'/3 E,»
derivative (V) (W/cm?)

Example 30 (4) 206 4.18
Example 31 (5) 205 4.19
Example 32 (6) 202 4.13
Example 33 (7) 203 412
Example 34 (8) 200 412
Example 35 (9) 199 4.03
- Example 36 (10) 204 4.09
Example 37 (11) 196 4.00
Com. Example 7 (17) 230 4.60
Com. Example & (18) 235 4.63

Followings are noted by inspection of Table 5.

Comparative Example 7 using the phenylenediamine
derivative (17) which belongs to the m-phenylenediamine
derivative of the formula (2) and Comparative Example &
using the phenylenediamine derivative (18) which belongs
to the p-phenylenediamine derivative of the formula (3)
have a larger half-life light exposure E,,, (uJ/cm?) and a
higher potential after exposure V, (V), thus being poor in
sensitivity.

Examples 30 to 37 using the phenylenediamine deriva-
tives (4) to (11) which belong to the phenylenediamine
derivative of the formula (1) have a smaller half-life light
exposure E, , (uJ/cm?) and a lower potential after exposure
V, (V), thus being excellent in sensitivity.

Comparison is made for Examples 30, 31 and 32 using the
phenylenediamine derivatives (4), (5) and (6) which belong
to the phenylenediamine derivative of the formula (1),
wherein the substituents R' to R* are alkyl groups, and m,
n, p and g are 1 at the same time.

Example 31 using the phenylenediamine derivatives 0 (5),
wherein the alkyl groups are substituted with the 4-positions
of phenyl groups, has sensitivity equivalent to that of
Example 30 using the phenylenediamine derivative (4)
wherein the corresponding alkyl groups are substituted with
the 3-positions.

Example 32 using the phenylenediamine derivative (6)
wherein alkyl groups are substituted with the 4-positions of
phenyl groups has sensitivity superior to that of Example 30.

Further, Examples 31 and 32 are compared with
Examples 33 and 34 using the phenylenediamine denivatives

(21)

HO /

(7) and (8) which correspond to the phenylenediamine
derivative of the formuia (1), wherein the substituents R" to
R* are alkyl groups, m, n, p and q are 2 at the same time, and
one of the two alkyl groups substituted with phenyl groups
is substituted with the 4-position of the phenyl group.
Example 33 using the phenyienediamine derivative (7)

- has sensitivity equivalent to that of Example 32, and has

sensitivity superior to that of Example 31.
Example 34 using the phenylenediamine derivative (8)
has sensitivity superior to that of Examples 31 and 32.
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Furthermore, Examples 31 through 34 are compared with
Examples 35 and 36 using the phenylenediamine derivatives
(9) and (10) which correspond to the phenylenediamine
derivative of the formula (1), wherein the substituents R’
and R* are alkyl groups substituted with the 4-position of
phenyl groups, R* and R” are aryl groups substituted with
the 4-positions of phenyl groups, and m, n, p and q are 1 at
the same time; and with Example 37 using the phenylene-
diamine derivative (11) which corresponds to the phenylene-
diamine derivative of the formula (1), wherein the substitu-
ents R! to R* are aryl groups substituted with the 4-positions
of pheny! groups, and m, n, p and q are 1 at the same time.

The latter (Examples 35 through 37) has sensitivity supe-
rior to that of the former (Examples 31 through 34).

We claim:

1. An electrophotosensitive material comprising an elec-
trophotosensitive layer provided on a conductive subsirate,
said electrophotosensitive layer is a single layer containing
(i) a binding resin, (ii) an electric charge generating material
and (iii) an electric charge transferring material, said electric
charge transferring material containing a phenylenediamine
derivative of the general formula:

(R%), \Q Q/ (R3)F
N""-\ - N
(RYn / \ (R%),

wherein R! and R* are the same alkyl group; R* and R” are
the same alkyl group which is the same as or different from
that of R! and R* and m, n, p and g are 1 or 2 at the same
time.

2. An electrophotosensitive material comprising an elec-
trophotosensitive layer, provided on a conductive substrate,
said electrophotosensitive layer is a single photosensitive
layer containing (i) a binding resin, (ii) an electric charge
generating material and (iii) an electric charge transferring
material, said electric charge transferring material contain-
ing a phenylenediamine derivative of the general formula:

(R?)n (R3),
/\I . N N\ /\\l
L~

(RD m/’\/ \/\"‘ (R4)q

wherein R and R* are the same alkyl or aryl group; R* and
R3 are the same aryl group which is the same as or different
from that of R* and R*; and m, n, p and q are 1 at the same
time.

3. An electrophotosensitive material comprising an elec-
trophotosensitive layer, provided on a conductive substrate,
said photosensitive layer is a multi-layer electrophotosensi-
tive layer comprising:

an electric charge generating layer containing an electric

charge generating material; and

an electric charge transferring layer containing a phe-
nylenediamine derivative of the general formula, as an
electric charge transferring material:
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2
(R®
/\f" N N
/ \

(R%)s

N
R e o ®Y

wherein R! and R? are the same alkyl group; R® and R” are
the same alkyl group which is the same as or different from
that of R! and R*; and m, n, p and q are 1 or 2 at the same
time.

4. An electrophotosensitive material comprising an elec-
trophotosensitive layer, provided on a conductive substrate,
said photosensitive layer is a multi-layer photosensitive
layer comprising:

an electric charge generating layer containing an electric

charge generating material; and

an electric charge transferring layer containing a phe-
nylenediamine derivative of the general formula, as an
electric charge transferring materiai:

(R, \\/\|
\/
N"‘--..
/

R,

SN

(RYm (RY);

wherein R! and R? are the same alkyl or aryl group; R* and
R3 are the same aryl group which is the same as or different
from that of R! and R*; and m, n, p and q are 1 at the same
{ime. |

5. An electrophotosensitive material formed from an
electric charge generating material and a charge transferring
material, said charge transferring material comprising; a
phenylenediamine derivative of the general formula (1A):

/\l /,N N\ /\
P
ROy N~ @ X (R,

wherein R! and R* are the same alkyl group; R* and R> are
the same alkyl group which is the same as or different from
that of R* and R*; and m, n, p and q are 1 or 2 at the same

fime.

6. An electrophotosensitive material according to ciaim 2
where said electric charge generating material is a phthalo-
cyanine pigment.

7. An electrophotosensitive material according to claim 2
where said electric charge generating material 1s an azo
pigment.

8. An electrophotosensitive material according to claim 2
wherein said electric charge generating material is in the
amount of 0.1 to 50 parts by weight and said charge
transferring material is in the amount of 20 to 500 parts by
weight, for 100 parts by weight of said binding resin.
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9. An electrophotosensitive material according to claim 4
where said electric charge generating material is a phthalo-
cyanine pigment.

10. An electrophotosensitive material according to claim
4 where said electric charge generating material is an azo
pigment.

11. An electrophotosensitive material according to claim
4 further comprising a binding resin and wherein said
electric charge generating material is in the amount of 0.1 to
50 parts by weight and said charge transferring material is in
the amount of 20 to 500 parts by weight, for 100 parts by
welight of said binding resin.

12. An electrophotosensitive material according to claim
1, wherein said electric charge generating material is a
phthalocyanine pigment.

13. An electrophotosensitive material according to claim
1, wherein said electric charge generating material is an azo
pigment.

14. An electrophotosensitive material according to claim
1, wherein said single layer photosensitive layer contains an
electric charge generating material in amount of 0.1 to 50
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parts by weight, and contains an electric charge transferring
material containing a phenylenediamine derivative of the
formula (1) in amount of 20 to 500 parts by weight, for 100
parts by weight of a binding resin.

15. An electrophotosensitive material according to claim
3, wherein said electric charge generating material is a
phthalocyanine pigment.

16. An electrophotosensitive material according to claim
3, wherein said multi-layer photosensitive layer is obtained
by forming an electric charge generating layer on a conduc-
tive substrate and forming an electric charge transferring
layer thereon.

17. An electrophotosensitive material according to claim
3, wherein said electric charge transferring layer contains an
electric charge transferring material in amount of 10 to 500
parts by weight for 100 parts by weight of a binding resin,
said electric charge transferring material containing a phe-
nylenediamine derivative of the formula (1).
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